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Abstract: The proteins of Pseudomonas syringae pv. TomatoT] were prepared using a protein preparation method
with some modifications and applied the procedure to an Antarctic Pseudomonas syringae Lz4W and evaluate the
results using proteomics methods. The preparation of proteins was studied using Pseudomonas syringae pv. tomato
T1 as a model bacterium and separated the proteins on SDS-PAGE. Suitable method is applied for the preparation of
proteins from Pseudomonas syringae Lz4W. The gel bands cut into small slices, in-gel digested with trypsin and the
resulting peptide mixtures analyzed by proteomics analysis. Our results showed a total of 190 proteins were
identified from supernatant and 326 proteins from pellet when bacteria grown at 22°C by using Method A. Also
Pseudomonas syringae pv. tomato T1 showed a total of 301 proteins grown at 28°C by using Method B, whereas
only 33 proteins were identified using MALDI. The proteomic approaches used in the present study are very useful
to evaluate the efficiency of the protein preparation methods. This study highlights that the protein preparation
method plays a critical role in proteomics studies of bacteria.
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1. Introduction

Pseudomonas syringae is a rod shaped Gram-
negative bacterium with polar flagella. It is a plant
pathogen which can infect a wide range of plant
species. It is a member of the Pseudomonas genus, and
based on 16S rRNA analysis, P. syringae has been
placed in the P. syringae group [1]. Although it is a
plant pathogen, it can also live as a saprotroph in the
phyllosphere when conditions are not favorable for
disease [2]. Some saprotrophic strains of P. syringae
have been used as biocontrol agents against post-
harvest rots [3]. Pseudomonas syringac Lz4W is an
Antarctic  psychrotrophic  bacterium capable of
growing at temperatures between 2 and 30°C with an
optimum temperature of growth around 20°C. The
isolation and identification of psychrotrophs of
various genera from the soil samples of Antarctica
have been reported earlier [4-8]. These bacteria were
capable of growing near 0°C but were unable to grow
above 30°C. They were adapted to the extreme
environmental conditions of Antarctica. The
mechanism of this cold adaptation is not known.
P.syringae can cause water to freeze at temperatures of
—1.8°C [7]. Shivaji et al, established ten cultures of
Pseudomonas spp. from soil samples collected in
around a lake in Antarctica. Based on their
morphology,  biochemical and  physiological
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characteristics, they were identified as P. fluorescens,
P. putida, and P. syringae and find the importance of
trmE in rapid adaptation to growth at low
temperatures [5, 9]. Our laboratory is working on
identifying the molecular basis of cold adaptation.
Earlier studies revealed that membranes, proteins and
other molecules play an important role in cold
adaptation [10-12]. In order to identify the proteins
playing a possible role in cold adaptation, the proteins
of the bacterium should be extracted effectively for
their study. In view of the advantages of proteomic
approaches over conventional protein identification
and peptide sequencing, some initial attempts have
been made for proteomics studies of Pseudomonas
syringae Lz4W [13-14]. In the present study, total
proteins preparation of Pseudomonas syringae pv.
Tomato T1 whose genome sequence is known is
optimized and analyzed by gel electrophoresis and
applied this procedure to the psychrotrophic
Pseudomonas syringae Lz4W whose genome
sequence was unknown. The procedure used in this
study can be applied to other psychrotrophic bacteria
also. Using proteomics approaches the proteins were
identified and evaluated the protein extraction and
separation methods using proteomics approaches.

2. Material and Methods
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2.1 Chemicals and reagents

All the chemicals required for culturing bacteria
such as yeast extract, peptone and agar were
purchased from Himedia (Mumbai, India). All the
solvents used in this study were procured from Merck
(Darmstadt, Germany). The chemicals for gel
electrophoresis, acrylamide, bisacrylamide, TEMED,
ammonium persulfate, SDS, Tris, glycine, urea,
CHAPS, were all obtained from Bio-Rad (Hercules,
CA, USA). Molecular weight markers obtained from
takara biotechnology (Shiga, Japan), a-Cyano-4-
hydroxy-cinnamic acid and trypsin of spectroscopic
grade were obtained from Sigma Chemical Co. (St.
Louis, MO, USA).

2.2 Bacterial growth and culture conditions

The Antarctic psychotropic bacterium P. syringae
Lz4W was routinely grown in Antarctic bacterial
medium, consisting of bacto peptone 0.5% w/v and
yeast extract 0.2% w/v at 22°C [5]. This bacterium had
the ability to grow between 0 and 30°C with an
optimum temperature of 22°C. The strain was grown
to optical density 1.0 at 595 nm and harvested.
Pseudomonas syringae pv. tomato T1 was grown in
Kings Medium, consisting of bacto peptone 2% w/v,
0.15% w/v KobHPO,, 0.15% w/v MgSO,4.7H,0 and 1%
glycerol v/v at 28°C [15]. The strain was grown to
optical density 1.0 at 595 nm and harvested.

2.3 Extraction protocols for preparation total
protein from bacterial

Total protein were isolated from Psychrotrophic
Pseudomonas syringae L.z4W or/and a mesophillic
Pseudomonas syringae pv. tomato T1 using Method
A, as described earlier [13] and Method B with
modification.

Method A (Ultracentrifuge method)

The bacterial (Pseudomonas syringae Lz4W
or/and Pseudomonas syringae pv. tomato T1) proteins
were prepared as follow: the cells pellet collect by
centrifuge at 8000 rpm for 10 min at 4°C and washed
by 50 mM Tris-HCI, pH 7.5. The cell pellet were
treated with Lysozyme 2 g/ml in the lysis buffer (50
mM Tris, pH 7.5, 0.6M sucrose, 10 mM EDTA, 100
pg/ml RNase, 10 U/ml DNase I, 65 mM DTT and
protease inhibitor, (lug/ml Aprotinin, 1ug/ml
Leupeptin, 1 pg/ml Pepstatin and 4 pg/ml PMSF) in
ice for one hour and sonicated for 3 min in a Sonics
Vibra cell VCX 500. The unbroken cells and cell
debris were removed by centrifugation at 10000 rpm
for 20 min in an Eppendorf centrifuge (5810R). The
entire  supernatant fraction was pelleted by
ultracentrifugation at 50000 rpm for 1 h at 40C in
ultracentrifuge TL-100 (Beckman). The supernatant
was used as cytoplasmic fraction of proteins. The
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pellet was solubilized with 2% Triton X-100 in the
solubilisation buffer (7M urea, 2M thiourea, 4%
CHAPS, 50 mM Tris, 5% glycerol , 65 mM DTT and
1% ASB-14) for 60 min at room temperature (25°C).
The soluble proteins were separated by SDS-PAGE.
Protein concentrations were estimated by performing
protein dye binding assay using Bio-Rad protein assay
reagents and bovine serum albumin as standard.

Method B (Trichloroacetic acid/acetone
precipitation)

Method B was used for comparing protocol
preparation in method A. In method B the supernatant
is precipitated by 10% tricholoroacetic acid/acetone at
-20°C for 16 hour, collect the protein precipitation at
14000 rpm for 15 min and dry by speed vac. After
drying, protein is dissolved in solubilisation buffer
(7M urea, 2M thiourea, 4% CHAPS, 50 mM Tris, 5%
glycerol, 65 mM DTT). The aliquots were stored in -
20°C or -70°C until further use.

2.4 SDS-PAGE and in-gel digestion with trypsin

The proteins were separated on 1D gel for their
analysis on LC —ESI MS/MS. About 100 pg of
proteins of Pseudomonas syringae Lz4W or/and
Pseudomonas syringae pv. tomato T1 was fractionated
on a 12% SDS-PAGE gel according to the Laemmli
protocol [16]. The gels were stained with Coomassie
Brilliant Blue (R250) overnight. After de-staining the
gel, it is washed with MilliQ water several times.
Subsequently, each gel lane was sliced into several
pieces and washed 3 times for 15 minutes each in 50%
Acetonitrile (ACN) with 25 mM Ammonium
Bicarbonate (ABC) to remove excess Coomassie stain.
After the washings, the gel slices were treated with in
100% ACN for 15 minutes to dehydrate the gels.
Excess ACN was removed and the gel slices were
dried up using SpeedVac concentrator for 15-30
minutes. The dried gels were rehydrated and
trypsinized with 40-50 pl cold Trypsin solution (20
pg/ml in 25 mM ABC) and incubated at 37°C for 16
hrs. The resultant peptides were extracted with 100 pl
5% TFA in 50% ACN for 30 minutes with gentle
agitation at room temperature. The resultant peptides
were collected and transferred to a second clean
Eppendorf tube and dried on a speed vac concentrator
to complete dryness and stored it at -70°C until use.
Before loading on the LC MS system for mass spectral
analysis, the samples were reconstituted in 10 pl of
5% ACN and 0.1% formic acid.

2.5 Two Dimensional Gel Electrophoresis

Total proteins (300-600 pg, Supernatant or pellet)
from Antarctic psychotropic bacterium Pseudomonas
syringae Lz4W or/and a mesophilic strain
Pseudomonas syringae pv. tomato T1 were loaded on
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immobilized pH gradient (IPG) strip (11cms, pH 4 -7,
Bio Rad, Hercules, CA) for IEF in the first dimension,
followed by SDS-PAGE in 12% acryl amide in the
second dimension. The IPG strips were rehydrated in
the buffer (7M urea, 2M thiourea 4% CHAPS, 50 mM
DTT, and 2% Bio-lyte carrier ampholytes pH 3-10,
from Bio Rad and 0.002% bromophenol blue, from
sigma) for 16 hours at room temperature in the
presence of proteins. IEF was carried out in a Protein
IEF cell (Bio Rad) cell using the appropriate tray with
the initial voltage was set at 4000 Volts at 20 °C for a
total of 40000 volt hours. After IEF, proteins on the
IPG strips were reduced with DTT (2% w/v) for 15
min and then alkylated with iodoacetamide (2.5%
w/v) for 15 min in equilibration buffer (6 M urea, 375
mM Tris-HCI, pH 8.8, 2% SDS and 20% glycerol).
The second dimension separation was run using SDS
PAGE. 12% acryl amide gel (11 cm x11 cm, 1| mm
thickness) was run at constant voltage 120 V and
current set at 20 mA, using a dual vertical slab gel
electrophoresis apparatus obtained from Broviga
(Chennai, India). 25 mM tris-glycine buffer with 0.1%
SDS, pH 8.3 was used as the running buffer. The 2D
gels were run stained with coomassie blue and destain
with methanol/acetic acid solution.

2.6 MALDI TOF MS/MS

The proteins separated on 2D gels were subjected
to MALDI TOF/TOF analysis after tryptic digestion.
Peptides were reconstituted in 8 pL 50% ACN with
0.1% TFA for mass fingerprinting before spotting
peptides on the MALDI plate. The mass spectra of the
trypsin-digested proteins were obtained with the help
of 4800 MALDI TOF/TOF mass spectrometer from
Applied Biosystems. Mass spectra were recorded in
reflector mode. The matrix used was o-cyano-4-
hydroxycinnamic acid (CHCA). The MS/MS spectra
of individual peptides were recorded, with air as CID
gas by using 1 keV energy. The peptides were selected
based on their relative abundance. Proteins were
identified using the GPS explorer software supplied by
the manufacturer. This program uses MASCOT search
tools for the identification of proteins using the
National Center for Biotechnology Information
(NCBI) database. MS/MS spectra were submitted for
database searching of proteins from Pseudomonas sp.
Using MS/MS data, several proteins could be
identified. The sequences of the top-scoring peptides
were selected. The protein hits with these sequences
were identified. The peptide summary report
essentially groups the peptide matches into protein hits
and the protein score was derived by combining the
ions scores for ranking the proteins. The highest-
scoring proteins that contained one or more peptides
were selected for identification. The MASCOT
peptide score 33 was considered as significant

http://www.sciencepub.net/nature

104

(p<0.05). The precursor ion mass tolerance and the
MS/MS fragment ion tolerances were set to 0.2 and
0.25 Da, respectively.

For protein identification, protein spots of interest
from 2DE were excised, and digested with trypsin and
desalted with C18 ZipTips (Millipore Corporation).
Both MS and MS/MS analyses of the digested
peptides were performed on a MALDI-TOF/TOF
tandem MS (4800 Proteomics Analyzer, Applied
Biosystems, Foster City, CA, USA) with internal mass
calibration. Mass spectra (m/z 800—4,000) were
acquired in the positive ion mode. GPS explorer
software (v3.5, ABI) was used to gencrate the peak
lists for the database search against the Pseudomonas
NCBI-2008 using a local Mascot search engine (v2.2).
Trypsin was selected as enzyme with 1 missed
cleavage; carbamidomethyl-modified cysteine and
oxidation of methionine were set as fixed and variable
modifications respectively. Mass tolerance for
precursor ions was 50 ppm and for fragment ions was
0.25Da. Proteins containing at least two peptides with
confidence interval values no less than 95% were
considered to be positively identified.

2.7 Image analysis

Images were acquired using (Bio-Rad) image
analysis was carried out using PDQuest image
analysis software (Bio-Rad). All images were taken
under uniform settings major spots in different parts of
the gel were used for fixing the coordinates. Gels were
also normalized for small variations in staining or
protein loads, using total optical density of the protein
spots. Spots were identified based on their presence in
bacteria with grown different temperature.

2.8 LC-MS/MS analysis

All LC-MS/MS experiments were carried out on
an ESI- mass spectrometer with linear ion trap mass
analyzer (LTQ-IT; Thermo Fischer, Waltham, MA,
USA), equipped with Finnigan Surveyor MS Pump
Plus. 10 pl of the sample (Pseudomonas syringae
Lz4W or/and Pseudomonas syringae pv. tomato T1)
was loaded with constant flow of 2 ul /min onto a
reverse phase Micro LC column Bio Basic CI18,
(Thermo Fischer, and Waltham, MA, USA). Peptides
were eluted on a gradient of 60 minutes for each gel
slice starting with 100% water containing 0.1%
fromaic acid (Sol. A) for the first 10 minutes in which
10 minutes were for retention of peptides in water.
Acetonitrile gradient was set from 0-100% over the
next 45 minutes followed by Sol. A wash for the last 5
minutes. Chromatographically separated peptides were
sprayed through a 20 cm metal needle emitter and the
mass spectrometer was operated in the data-dependent
mode to acquire MS and MS/MS spectra switching
automatically between MS and MS/MS modes. One
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full MS scan from 200 to 2000 m/z followed by 5
data-dependent MS/MS scans was recorded. The
electro spray voltage was set at 4.0 kV, and capillary
temperature at 200 0 C. The peptides were fragmented
using Collision induced dissociation (CID) with
normalized collision energy of 35%. Top 5 peptide
precursor ions were selected for MS/MS analysis.

2.9 Sub cellular localization using PSORTb

All the membrane proteins of P. syringae Lz4W
obtained using method A was listed in table 5. The
protein redundancy was removed based on the protein
name, accession number and sequence identity [13]. In
all, a total of 516 (proteins supernatant 190 and pellet
326) were identified. The sub cellular localization of
these proteins was predicted using the PSORTb
version.3.0.2  Program  (http://www.psort.org) by
choosing gram-negative long format. The predictions
made for each protein are shown in the Supplemental
Table 2 and 3. The protein sequences were submitted
in the FASTA format for all the predictions.

2.10 Gene Ontology

In order that biological meaning may be derived
and testable hypotheses may be built from proteomics
experiments, assignments of proteins identified by
mass spectrometry or other techniques must be
supplemented with additional notation, such as
information on  known  protein  functions,
protein—protein interactions, or biological pathway
associations. Here we present the Software Tool for
Researching Annotations of Proteins (STRAP)
automatically obtains gene ontology (GO) terms
associated with proteins in a proteomics results ID list
using the freely accessible UniProtKB and EBI GOA
databases. GO-term association data in pie charts
(biological process, cellular component, and molecular
function) to aid in the interpretation of large data sets
and differential analyses experiments. Furthermore,
proteins of interest may be exported as a unique
FASTA-formatted file to allow for customizable re-
searching of mass spectrometry data, and gene names
corresponding to the proteins in the lists. We
incorporated UniProt and Gene Ontology keywords as
statistical units of analysis, yielding quantitative
information about changes in abundance for an entire
functional category. This provides a consistent and
quantitative method for formulating conclusions about
cellular behavior, independent of network models or
standard enrichment analyses [17].

2.11 Bioinformatic analysis.

The mass spectra obtained were searched against
the protein sequences of the Pscudomonas syringae
pv. Tomato T1 obtained from NCBI-2008 (5702
proteins). As the genome sequence of the Antarctic
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psychotropic bacterium P. syringae is not known, the
sequences of the other Pseudomonas sp. Available at
NCBI-2008 (159036 proteins) were used to identify
the proteins using SEQUEST algorithm which is
incorporated in the BioWorks Browser (Version 3.2
EF2, Thermoelectron Corp.). Enzyme specificity was
set to full trypsin digestion with only one missed
cleavage. Methionine oxidation was set as a variable
modification and carboxyamidomethylation as fixed
modification.. Peptide identifications were accepted if
they passed the filter criteria set to deltaCN value as
0.100, Rsp as 5, Xcorr vs charge values as 1.90 (+1
charge), 2.20 (+2 charge) and 3.10 (+3 charge) and
protein probability as 0.001. Protein identifications
were accepted. The GO (gene ontological) biological
process (BP), cellular component (CC) and molecular
function (MF) of the identified proteins were analyzed
using STRAP software program analysis [17].

RESULTS AND DISCUSSION

Optimizing protein preparation and separation
methods using a Mesophillic P.syringae pv. tomato T.
The major issue with bacterial extracts of protein is
their high nucleic acid to protein ratio. DNA and RNA
can interfere with focusing and in the presence of
DNA can render the sample to viscous to work with
effectively. Therefore, Bacterial cell treated with
nucleases to prevent these problems. Also, protein in
the sample must be fully denatured, reduced and
solubilized for effective first dimension IEF
separation. So, sample buffer for 2D electrophoresis
must contain urea or a mixture of urea, thiourea and a
reducing agent capable of reducing disulfide bond
(e.g. DTT) and a neutral or zwitterionic detergent (e.g.
CHAPS, Triton X-100). In some case SDS is used for
rapidly solubilizing proteins. We have made some
changes in a protein preparation protocol and
evaluated its efficiency in extracting maximum
number of proteins. The proteins of P.syringae pv.
Tamato T was extracted using protocol A and B
(Figure 1).

The proteins were separated on 1-D gel as shown
in Figure2. For optimizing the protocol for protein
preparation and separation on 1-D and 2-D gels, the
effect of common contaminants such as small ionic
compounds, polysaccharides, nucleic acid and lipids
should be eliminated. High concentration of salts
cause horizontal streaks and large polysaccharides
needs to be removed by ultracentrifugation and also
use enzymatic digestion protocols to remove Nucleic
acids and lipids. While lipid make complexing of
hydrophobic proteins and binding of detergent and
nucleic acid bind to proteins through electrostatic
interactions and leads to streaking in the gels, hence,
the sample is treated with DNase/RNase, finally add
protease inhibitors (Aprotinin, EDTA, Leupeptin,
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Pepstatin and PMSF) to minimize proteolysis of
proteins. Then protocol is designed in this study to
solve these problems using Pseudomonas syringae pv
tomatoT1 whose genome sequence is known as
control and applied it to improve separation of total
protein from Pseudomonas syringae Lz4W whose
genome sequence is not known and then compared the
results. It is observed that more proteins were found
and separated using method B (Lanes 7, 8 and 9 of
Fig.2). Hence precipitation of proteins helped in
removing non proteins contaminants and also helped
protein separation in the gel.

Method

Cells

Wash with 20 ml from 50mM TRIS/HCL, pH7.5
Centrifuge 8000 rpm for 10 min
Suspend pellet in 10ml lysis buffer for 1h, Sonicate 3 min

Centrifuge 10000 rpm for 20 min

Supernatant Pellet (discarded)
Precipitate by 10 % TCA/Acetone (overnight in-20°C)
Centrifuge at 15000 rpm for 20 min at 4°C

! |

Supernatant Pellet

l

Speed Vacum to be dry from acetone

Resuspend pellet in 1ml solubilisation buffer with mild vortex until complete protein dissolve

Soluble proteins separated by electrophoresis

Figure 1: The protocols used for the preparation of proteins from
mesophillic Pseudomonas syringae pv.tomato T1 and an Antarctic
psychrotrophic bacterium Pseudomonas syringae Lz4W. The total
protein extract obtained was precipitated using TCA/acetone
(Mehtod B).
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Method (A

Cells

Wash with 20 ml from 30mM TRISHCL pH .3
Centrifuge 8000 rpm for 10 min
Suspend pellet in 10 ml lysis buffer for Lh, Sonicate 3 min

Centrifuge 10000 rpm for 20 min

Supernatant Pellet (discarded)

Ultracentrifuge at 30000 rpm for 60 min at 4'C

l

Supernatant Pellet

Resuspend pellet in 0.2-0.5 ml solubilisation buffer with mild vortex until complete protein dissolve

Soluble proteins separated by electrophoresis

106

211

120 b8

‘Where: M=Molecular weight, S=Supernatant of Protedn, P=Pellet of Protein.

Figure 2: A representative gel picture of 1-D gel stained with
coomasie blue. 12% SDS- PAGE of the proteins prepared from
Pseudomonas syringae pv. tomato T1 . Lanes 1-3 shows different
amounts of the proteins obtained from the pellet using method A,
the soluble proteins were loaded at different amounts as shown in
the lanes 4-6. Lanes 7-9 exhibits the proteins obtained from the
precipitation (method B). The pellet proteins were solubilized in the
solubilization buffer and the soluble proteins were loaded.

naturesciencej@gmail.com




Nature and Science, 2012;10(4)

http://www.sciencepub.net/nature

Comparison of protein profiles of the
Psychrotrophic P.syringae and mesophillic
P.syringae pv. tomato T1

The proteins prepared by both these methods
were also separated by 2-D gels as described earlier
[19-20]. It is observed that proteins prepared by
method B could not be separated well on 2-D gels
(data not shown). It is possible that proteins get
aggregated during precipitation process and could not
be solubilized after wards for the 2-D gel separations.
Hence Method A was used for the preparation of
proteins from the Antarctic bacterium P.syringae

Lz4W. The proteins were fractionated using
method A for both the mesophillic Pseudomonas
syringae pv Tomato T and Pseudomonas syringae
Lz4W and separated the proteins on 1-D gel (Figure
3).

KDa
97.2
66.4

443

29.0

211

conc. 80 o 120 120 a0 80 120 120 BE
Type s P s P s 3 s P
Temp. e W W WC g e 28%C
Methad & w A A A » " ”

Where: M=Maolecular weight, S=Superatant of Protein, P=Pellet of Protein,

Figure 3: The proteins of both the bacteria were prepared using
Method A and loaded on 12% SDS PAGE gel. The proteins
obtained from the Antarctic psychrotrophic P.syringae Lz4W were
shown in the lanes 1-4. Lanes 5-8 shows the proteins obtained from
the mesopholic P.syringae pv.tomato T1. The proteins of the pellet
were solubilized in the solubilization buffer and the soluble proteins
were loaded. Different amount of proteins loaded on the gel were
shown. The gel was stained with coomassie blue.

The proteins present in the supernatant and the
pellet were separated after loading in different
concentrations. Figure 3 shows that pellet obtained
from mesophillic P.syringae contained less number of
proteins as compared to the Antarctic bacterium
P.syringae. Earlier studies demonstrated that the
structure of the membranes varies in growth
temperatures and also between a mesophile and a
psychrotroph [21-23]. It is also possible that variations
in protein contents between these bacterial species
could be the reason for less number of proteins from
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the mesophile 2-D gels was run to evaluate the
number of proteins.

Identification of proteins using LC coupled ESI
MS/MS:

In order to compare the proteins present in these
species, and also to evaluate the efficiency of the
method used, the proteins prepared from each of the
bacterial strain (mesophile and psychrotroph), were
identified using proteomics approches. The gel bands
were cut digested with trypsin and analyzed using LC
coupled ESI mass spectrometry. The lanes of the gel
(wells 3, 4 7and 8 of Fig 3) from Fig. 3 were cut, and
each of them were analyzed separately.
Approximately each lane was cut to 10 pieces and
subjected to in-gel digestion and then analyzed the
tryptic peptides extracted from these individual bands
using mass spectrometry.

The proteins were identified using SEQUEST
program supplied by the manufacturer. The proteins
identified from the supernatant and pellet prepared
from the mesophillic strain P.syringae pv Tomato T
was combined together, removed the redundancy and
showed in the supplemental Table S1. In the
mesophillic strain Pseudomonas pv Tomato T 187
proteins were identified with more than one peptide
and 114 proteins with single peptide (Table S1). A
total of 301 proteins were identified.

Then, the proteins of the psychrotroph were also
analyzed. This analysis identified 81 proteins with
more than one peptide and 109 proteins with single
peptide hits in the supernatant pseudomonas syringae
Lz4W (suppl. Table S2). In the pellet 150 proteins
were identified with more than one peptide and 176
proteins with single peptide hits (supplemental Table
S3). The pellet contains 326 proteins (Table S2) and
the supernatant contains 190 proteins (Table S3).
From these results, it is clear that more proteins could
be extracted and separated using Method A. Thus
using proteomic approaches, it was demonstrated that
more proteins could be prepared using Method A. This
method is very useful for the extraction of proteins,
particularly from the psychrotrophic strain of
P.syringae Lz 4W. Some of the proteins identified in
this study were shown to play an important role in
cold adaptation [24, 25].

Protein separation on 2-D gels

Since two-dimensional gel electrophoresis (2-DE)
is a powerful method to study protein expression, this
technique, is also applied using the optimized total
protein preparation methodologies to identify the
number of proteins extracted from mesophillic and
psychrotrophic bacterium.  The proteins prepared
using Method A were separated on 2-D gels. The
proteins obtained in the supernatant and the pellet
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prepared by method A from the mesophillic
P.syringae pv toamato were shown in the Figure 4.
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Figure 4: Two-dimensional gel pictures of the proteins prepared
from the mesophillic P.syringae pv. tomato T1 were separated on a
12% SDS gel and stained with coomassie blue. Proteins were
separated in the pl range 4-7. The soluble fraction was shown in
28S and the proteins solubilized from the pellet were shown in 28P.

It is clear from these results that the supernatant
contains more proteins than the pellet. The pellet
contains membrane proteins, and hydrophobic
interactions among them might be main cause of their
solubility and hence more proteins could not be
detected. The proteins prepared by method B were
also separated on gels. But very less number of bands
could be identified (data not shown). During the
protein precipitation process the proteins might
aggregated and could not be solubilized and hence
they could not even enter the gels. The proteins of

the proteins could be identified and confirmed and
these procedures helped in evaluating the method for
protein preparation.

Cont.
Tipe.
Temp. e e
Mathed.
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Figure 5: Two-dimensional gel pictures of the proteins prepared
from the psychrotrophic P.syringae Lz4W were separated on a 12%
SDS gel and stained with coomassie blue. Proteins were separated
in the pl range 4-7. The soluble fraction was shown in 22S and the
proteins solubilized from the pellet were shown in 22P.

Subcellular localization

The subcellular localization of the proteins
identified from P. syringae Lz4W have been predicted
using PSORTb V.3.0.2 as shown in Figure 6 and
Table 1.

Table 1: Comparison of the Subcellular localization of proteins
from P.syringae pv. tomato T and P.syringaec Lz4W obtained from
the supernatant and pellet using PSORTb.

Psychrptrophic P.syringae Lz 4W were prepared using Proteins | Croteinsof | Proteins of
Mehtod A as it was found to be a better method and of P'sLsz\lx%ae P,sg;r\lx%ae
separated the proteins on 2-D gels. N |  Localization Psyring | - ed identified
Figure 5 exhibits the proteins from P.syringae | o o | forthe from the

Lz4W. From these results it is clear that Pellet : supernatant pellet
exhibited more proteins whereas the soluble fraction | gympiasm}c [€] 242 145 284
has few proteins. It appears that more membrane | 2 m?;ﬁriirgl[ccw 26 14 19
proteins or proteins with hydrophobic character could | 3 | Extracellular [E] 0 0 2
be extracted using the Method A. Thus, this method | , | Outer membrane 5 13 3
was found to be useful for the preparation of proteins [OM]
from the Antarctic bacterium Pseudomonas syringae Z E:ﬁfxlaj[]}’ 1 262 171 151
Lz 4W. Many proteins spots selected were cut from 2- Unknown
DE gels and identified by matrix assisted laser 7 | (multiple 0 0 5
desorption ionization time-of-flight mass spectrometry localizations
(MALDI-TOF MS) after trypsin digestion. We have sites) [U(m)]
identified 33 proteins from P. syringae Lz4W. Most | 8 | Total 301 190 316 326
of the proteins identified by MALDI TOF MS analysis
were also found in the LC coupled ESI mass spectral
studies. Thus by using different ionization methods,
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It is clear from these results that out of total 429 It could also be possible that some these proteins are
proteins, 145 proteins are from cytoplasmic also part of membrane proteins. The location of 22
supernatant and 284 are from cytoplasmic pellet as proteins could not be predicted, whereas 2 only
predicted by the algorithm (Supplemental Tables 2 proteins predicted unknown localization in contain
and 3). In addition there are 33 cytoplasmic membrane multiple localization sites. It appears that method A
proteins, 16 outer membrane proteins and 12 preparation proteins has been shown to play an
periplasmic proteins. With multiple localization sites.  important role in cold adaptation were also identified.

Proteins of P.syringae pvtomato T Proteins of P.syringae Lz4W obtained
forthe supernatant
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3% 1% 150 17
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Figure 6: The sub cellular localization of the Proteins of P.syringae pv tomato T and P.syringae Lz4W, predicted by PSORTb.V.3. The
number of proteins predicted in each subcellular location, C-ytoplasmic, CM-cytoplasmic membrane, E-extracellular, OM-outer membrane,
P-periplasmic, U-unknown, U (M)-unknown location with multiple localization sites. Protein preparation by cell lysis followed by
fractionation by ultra-centrifugation yielded more number of proteins as compared to the protein preparation by TCA/acetone precipitation.
A mesophillic Pseudomonas syringae pv tomato T1 was used to optimize the method and applied the method to an Antarctic Psychrotroph
Pseudomonas syringae Lz4W. 516 proteins were identified from P.syringae Lz 4W whereas 301 proteins were identified from P.syringae pv.
tomato T1. Protein preparation method plays a crucial role in proteomics.
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Gene Ontology comprises a set of well-defined terms with well-
Using Gene Ontology, we classified three defined relationships. The structure itself reflects the
categories of GO as shown in Figure 7-9. Biological current representation of biological knowledge as well
process refers to a biological objective to which the as serving as a guide for organizing new data. Data
gene or gene product contributes. Molecular function can be annotated to varying levels depending on the
is including specific binding to ligands or structures of amount and completeness of available information.
a gene product and Cellular component refers to the This flexibility also allows users to narrow or widen
place in the cell where a gene product is active the focus of queries. Ultimately, ontology can be a
Ontologies have long been used in an attempt to vital tool enabling researchers to turn data into
describe all entities within an area of reality and all knowledge [18].
relationships  between those entities. Ontology

Figure 7:
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Figure 8:
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In this study, Figure 8 and 9 attempts are made to
establish a procedure for total protein extraction from
the culture pellet of P. syringae Lz4W using proteomic
approach.

The earlier studies with membrane protein of P.
syringae Lz4W were focused on identification of
proteins from membrane preparation from an
Antarctic bacterium Pseudomonas syringae, whose
genome sequence is not available [13-14]. The
method described in the present study aimed at
preparing total proteins can be applied to other
bacterial species as required often in proteomic
applications.

Conclusions

In the present study, the efficiency of a method A
to extract proteins from a mesophilic strain of
Pseudomonas syringae pv. tomato T1 and an Antarctic
psychrotrophic bacterium P. syringae Lz4W was
evaluated using proteomics approaches. It is observed
that TCA/ acetone precipitation methods are not
suitable for preparation of proteins, particularly when
they require to be separated on 2-Dgels. Moreover, we
have identified several proteins which are associated
with pathways involved in cold adaptation indicating a
functional significance for these proteins in
Pseudomonas syringae Lz4W.
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